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A t p r e s e n t , chemical si ngl et oxygen genes a t o r s have been developed, c h a r a c t e r i z e d by t h e h i g h l y e f f i c i e n t formation of e l e c t r o n i c a l l y e x c i t e d 0 C a ' A > molecules A/. I t w a s e s t a b l i s h e d i n Refs. 2 and 3 2 &Y t h a t as a r e s u l t of t h e d e a c t i v a t i o n of a s i n g l e 0 2 c i~> molecule, f i v e v i b r a t i o n a l quanta of oxygen a r e formed i n t h e ground e l e c t r o n i c state, where n = 0, 1 , and 2. Theref o r e , gaseous 02 X 'x-> can be o b t a i n e d a t R p r e s s u r e s up t o 10 Torr with high C 1 a 2 kK >-v i b r a t i o n a l and low C 300 K> t r a n s 1 a t i onal temperatures. The h i g h v i br a t i onal energy s t o r e d i n 02CX, v> may be u t i l i z e d t o o b t a i n l a s i n g i n t h e middle i n f r a r e d by t r a n s f e r of v i b r a t i o n a l e x c i t a t i o n t o o p t i c a l 1 y a c t i v e molecules.
I n t h i s paper w e g i v e a t h e o r e t i c a l background f o r t h e development of new mid-IR l a s e r system u t i l i z i n g t h e s i n g l e t oxygen energy. W e propose t o u s e t h e 0 C'A> energy by t h e f o l l o w i n g two s t e p s . 
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A3 e l e c t r o n i c energy c o n v e r s i o n i n t o t h e 02CX, v3 v i b r a t i o n a l energy.
The k i n e t i c s of t h e formation of v i b r a t i o n a l l y e x c i t e d 02CX, v 3 may be
i n v e s t i g a t e d t a k i n g i n t o account n o t on1 y p r o c e s s C13 but a l s o t h e VT r e l a x a t i o n . Numerical c a l c u l a t i o n s show t h a t an a p p r e c i a b l e f r a c t i o n of t h e 0 2 c 1~> e l e c t r o n i c energy is converted i n t o t h e 02CX,v> v i b r a t i o n a l energy a t t e m p e r a t u r e s T below 300 K. For example, when T Cr 250 K, t h e e f f i c i e n c y of c o n v e r s i o n of t h e 0 C*A> e l e c t r o n i c 2 energy i n t o t h e v i b r a t i o n a l energy r e a c h e s 0.2, and when T 5 1 6 0 K , i t becomes 0 . 6 . The v i b r a t i o n a l t e m p e r a t u r e of 02CX, v> may t h e n be 1 . 5 + experimental 1 y i n R e f . 2. I t w a s e s t a b l i shed t h a t SO2 molecules do n o t i n t e r a c t with O~C ' A > but have a n a p p r e c i a b l e i n f l u e n c e on t h e r e l a x a t i o n k i n e t i c s of t h e v i b r a t i o n a l l y e x c i t e d 0 2 C X > . The s o l i d arrows i n d i c a t e t h e way of t h e energy t r a n s f e r and t h e dashed arrows i n d i c a t e t h e l a s e r t r a n s i t i o n s .
. 5 k K , depending on t h e d e g r e e of e l e c t r o n i c e x c i t a t i o n of t h e oxygen. I t i s s u g g e s t e d t h a t t h e v i b r a t i o n a l l y e x c i t e d
The v i b r a t i o n a l r e l a x a t i o n mechanism i n an O;, -SO mixture was is t h e f a s t e s t p r o c e s s and r e s u l t s i n t h e e s t a b l i s h m e n t of a quasi equi 1 i b r i um d i s t r i b u t i o n of molecules over v i b r a t i o n a l 1 e v e l s with a v i b r a t i o n a l t e m p e r a t u r e Ti C i i s t h e mode number). The EV exchange t i m e i n t h e p r o c e s s C 1 1 is much l o n g e r t h a n t h e t i m e s o f t h e VV' e x c h a n g e b e t w e e n 0 C ?j 1 a n d SO2< ,CZr31, i n t e r mode e x c h a n g e i n SOp, a n d VT 2 4 r e l a x a t i o n o f SO C U 1. C o n s e q u e n t l y . i n o r d e r t o obt-ain l a s i n g o n t h e P 2 SO2 v i b r a t i o n a l t r a n s i ti o n s ,
SOp must b e m i x e d w i t h e x c i t e d O 2
m o l e c u l e s a f t e r c o m p l e t i o n of p r o c e s s C1).
4 . -P o p u l a t i o n i n v e r s i o n a n d l i g h t g a i n o n SO2 v i b r a t i o n a l t r a n s i t i o n s .
W e h a v e i n v e s t i g a t e d t h e k i n e t i c s o f f o r m a t i o n o f t h e a c t i v e medium a f t . e r mi x i ng o f Op a n d SO2. The i n s t a n t a n e o u s m i x i ng a p p r o x i mat i o n h a s b e e n u s e d . The Lime d e p e n d e n c i e s of t h e T . h a v e b e e n c o m p u t e d f r o m t-he
r a t e e q u a t i o n s /6/ whlch d e s c r l b e t h e o n e -a n d t w oq u a n t a VV' e x c h a n g e , a n d V T -r e l a x a t i o n . T h e c h a n g e o f T h a s b e e n a l s o t a k e n i n t o account*.
I t w a s f o u n d t h a t t h e i n v e r t e d p o p u l a t i o n o f t h e SO2
vibrational l e v e l s a r ises a t a t > r a n s l a t , i o n a l t e m p e r a t u r e o f t h e m i x t u r e s u b s t a n t r a l l y l o w e r t h a n 300 K . C a l c u l a t i o n s . w e r e made f o r t h e c a s e when b e f o r e m i x i n g t h e v i b r a t i o n a l t e m p e r a t u r e o f 0 CX, V > i s T = 2 4 T C 2 1 . TS C 3 1 .
. 5 k K , t h e oxygen is c o o l e d t o T = 77 K a n d i t s p r e s s u r e e q u a l s 10 T o r r . A g a s wit.h t h e s e p a r a m e t e r s c a n b e o b t a i n e d b y c o o l i n g a m i x t u r e c o r i t a i n i n g 10% o~< ' A > i n a t l m e much s h o r t e r t h a n t h e V T r e l a x a t i o n t i m e o f
-5 -i *N_/5.101
C 4 1 , a C = 12 j-{n1)1'10 om C 5 ) . 
JOURNAL DE PHYSIQUE IV
The r e s u l t s o f t h e c a l c u l a t i o n s are p l o t t e d i n F i g . 2 . I t c a n b e s e e n t h a t a f t e r mixing o f SOp and 02, t h e s t r e t c h i n g v i b r a t i o n a l modes --of SO2 are p o p u l a t e d , and Ti . T3 > > T2 2 : T. The p o p u l a t i o n d e n s i t i e s
ANip of t h e s t r e t c h i n g C i = 1. 3 3 and bending modes have been c a l c u l a t e d .
H e r e gi is t h e c h a r a c t e r i s t i c t e m p e r a t u r e of t h e i t h mode, ZV i s t h e v i b r a t i o n a l s t a t i s t i c a l sum. The e q u a t i o n s from Ref. 6 w e r e used t o c a l c u l a t e t h e o p t i c a l g a i n s f o r 001 + 010 C A = 11.8 j l d and 1 0 0 -, 01 0 C A = 15.8 jlm 3 v i b r a t i o n a l -r o t a t i o n a l t r a n s i t i o n s :
where i s t h e wavelength; t h e quantum number of t h e t o t a l r o t a t i o n a l 2 moment o f t h e most p o p u l a t e d l e v e l is f i v e ; B 3 2 i n cm 3 = 2 . 1 0
HCa.03 i s t h e Voigt f u n c t i o n /7/; a c c o r d i n g t o t h e estimates /8/, eip i s 50 t i m e s smaller t h a n 6 32.
I t c a n be s e e n from F i g . a t 15.8 p m is h i g h e r t h a n cm-' . The main r e a s o n f o r t h e l o s s o f t h e i n v e r t e d p o p u l a t i o n i s h e a t i n g o f t h e medium t h a t r e s u l t s i n f i l l i n g of t h e lower l a s e r l e v e l . The r a t e o f t h i s h e a t i n g g r o u t h s when T i n c r e a s e s . S i n g l e t oxygen g e n e r a t o r s make i t p o s s i b l e t o b u i l d a low-temperature continuous-f low molecular l a s e r e m i t t i n g i n t h e mid-IR s p e c t r a l r e g i o n . I t i s shown t h a t cw l a s i n g a t wavelengths of 1 2 and 1 6 jlm c a n be a c h i e v e d i n O2 -SO m i x t u r e s by u s i n g of t h e O~C'AI energy. Russion3 ,Lebedev P h y s i c s I n s t i t u t e . Academy o f S c i e n c e s o f t h e USSR. Moscow C 19803. /7/ LOSEV. S. A. Gasdynami c L a s e r s , S p r i n g e r Series i n Chem. c a l P h y s i c s 12, S p r i n g e r -V e r l a n d , B e r l i n C19813.
